ABSTRACT: A single experiment with a completely randomized design was conducted to evaluate the effects of long-or short-term exposure to a calf identified as persistently infected with bovine viral diarrhea virus (PI-BVD) on feedlot performance and carcass characteristics of freshly weaned, transport-stressed beef heifers. Two hundred eighty-eight heifers that had been vaccinated for BVD before weaning and transport were processed and given a metaphylactic antibiotic treatment at arrival and were fed common receiving, growing, and finishing diets for a 215-d period. Treatments were designed to directly or adjacently expose the cattle to a PI-BVD heifer. Directly exposed treatments were 1) negative control with no PI-BVD calf exposure (control), 2) PI-BVD calf commingled in the pen for 60 h and then removed (short-term exposure), and 3) PI-BVD calf commingled in the pen for the duration of the study (long-term exposure); and spatially exposed treatments were 1) negative control with no PI-BVD calf exposure (adjacent pen control), 2) PI-BVD calf commingled in the adjacent pen for 60 h and then removed (adjacent pen short-term exposure), and 3) PI-BVD calf commingled in the adjacent pen for the duration of the study (adjacent pen long-term exposure). Exposure to a PI calf transiently (60 h) or for the duration of the feeding period (215 d) did not affect (P ≥ 0.25) final BW compared with heifers that were not exposed. Neither period nor overall DMI was affected (P ≥ 0.37) by PI-BVD calf exposure, and no differences (P ≥ 0.44) were observed between short-and long-term exposed heifers in the direct or spatially exposed groups. Likewise, total trial ADG was not affected (P ≥ 0.36) and overall efficiency of gain (P ≥ 0.19) was unaffected by PI-BVD calf exposure in the direct or spatially exposed groups. The results from this study suggest that exposing previously vaccinated, freshly weaned, transport-stressed beef calves to a calf that is persistently infected with bovine viral diarrhea virus has little, if any, marked effects on health, performance, or carcass characteristics.
INTRODUCTION
Exposure of susceptible bovine females to bovine viral diarrhea virus (BVD) during gestation can result in numerous outcomes, including normal offspring, a multitude of pregnancy abnormalities, or a persistently infected (PI) calf that is immunotolerant to the noncytopathic viral strain of BVD it was exposed to in utero (Kahrs, 2001) . Some debate still exists for the exact timing of gestational development of immune tolerance as a result of BVD exposure, but it is safe to assume that exposure must occur before the development of a competent fetal immune system is complete. A survey of randomly selected beef herds in 5 US states revealed 2.7% of the herds had at least 1 PI-BVD calf (Wittum et al., 2001) ; however, as calves flow through the beef production chain, the odds of succumbing as a direct or indirect result of their persistent infection increase. In the study of Wittum et al. (2001) 10 of the 56 calves (18.5%) initially identified as PI-BVD died before weaning, and Larson et al. (2004) compiled literature that would estimate 17 to 50% of PI calves may reach breeding age. Loneragan et al. (2005) and Hessman (2006) completed epidemiological analyses regarding the prevalence of PI-BVD calves for arrival populations in commercial feedlots and estimated the incidence rate approximates 0.3%. Persistently and acutely infected BVD cattle represent the principal reservoirs of BVD infection for susceptible feedlot animals commingled with or housed in adjoining pens to them, and efforts to identify and remove such cattle on arrival at commercial feedlots have been promoted (Hessman, 2006) . Given the low prevalence rate on arrival at feedlots, however, the efficacy of identifying and removing PI-BVD cattle as potential sources of infection needs to be evaluated in designed experiments and reported in the scientific literature.
Therefore, the objectives of this study were to investigate the performance and health of freshly weaned beef calves exposed to PI-BVD cattle transiently or for the duration of the feeding period.
MATERIALS AND METHODS

Cattle
All procedures involving live animals were conducted within the guidelines of and were approved by the New Mexico State University Animal Care and Use Committee.
Persistently Infected Calves. Calves used as
the sources for exposure to PI-BVD were obtained from a commercial feedlot in Union County, NM, that tested arriving cattle for PI-BVD. The cattle primarily originated from a southeast Texas order buyer and were put together over the course of 5 wk. As loads of cattle were delivered to the commercial feedlot, skin biopsies were obtained at the initial processing and were submitted to a commercial testing facility to identify PI calves via an antigen-capture ELISA kit. Once the calves (steers and heifers, BW = 242.6 ± 13.4 kg) were identified as PI-BVD they were transported to the Clayton Livestock Research Center (CLRC) in Clayton, NM, where they were housed in a single soil-surfaced pen and fed wheat hay until enough cattle (n = 22) were present to begin the study. Calves used as PI-BVD sources were selected with every effort made to create a uniform group of PI-BVD heifers before they were assigned randomly to a PI-BVD-designated pen. Persistently infected BVD calves were subsequently confirmed as PI-BVD before initiation of the study with real-time PCR procedures (R. Fulton, Oklahoma State University College of Veterinary Medicine). In addition, serum samples, fresh ear notches, fixed ear notches, nasal swabs, and random fecal samples were obtained from the PI calves frequently throughout the study to evaluate viral shedding. At all times, PI calves were shedding copious amounts of virus and were viremic [N. Elam and R. Fulton (Oklahoma State University College of Veterinary Medicine); unpublished data].
Experimental Cattle. Two hundred 96 beef heifers (initial BW 226 ± 6.95 kg) were purchased from Southern Oklahoma Livestock Marketing in Apache, OK, on October 18, 2005. To control confounding issues regarding unknown vaccination status, all calves were purchased from the level one group of the "Calf Special" auction, indicating that they were vaccinated once at branding and freshly weaned shortly before delivery to the sale-barn. Level one eligibility for the Stockman's "Calf Special" sale requires that all calves be vaccinated with 1) modified-live infectious bovine rhinotracheitis, parainfluenza, bovine respiratory syncytial virus, and killed or modified-live bovine viral diarrhea (BVD); 2) Clostridial 7-way; 3) Mannheimia hemolytica; and 4) Histophilus somni; and also requires that all male calves are castrated at least 90 d before the sale. After the auction, the calves remained at the sale barn facility for 48 h before being trucked 684 km to the CLRC.
On arrival, each truckload was penned separately until processing occurred. Before being offered access to feed or water, the calves were processed as follows: 1) weighed and given a unique identification tag in the ear; 2) vaccinated with modified-live viral antigens for infectious bovine rhinotracheitis, parainfluenza, bovine respiratory syncytial virus, BVD types I and II (Vista 5; Intervet, Millsboro, DE) and clostridial antigens (Vision 7; Intervet); 3) administered a commercially available antimicrobial according to label directions (Draxxin, Pfizer Inc., New York, NY); 4) treated for internal and external parasites with moxidectin (Cydectin, Fort Dodge Animal Health, Overland Park, KS); and 5) earnotched for antigen-capture PI-BVD ELISA testing by the Texas Veterinary Medical Diagnostic Lab (Amarillo, TX).
During the initial processing, heifers were excluded from the study based on the following criteria: 1) clinical diagnosis of bovine respiratory disease complex on arrival or at the time of processing and 2) physical impairment or lameness. Twelve hours after placement in their, pens the results for the PI-BVD testing revealed one of the purchased heifers was PI with BVD. By chance, the heifer had been assigned randomly to the last adjacent pen in the long term exposure treatment group. As such, the heifer was left in her assigned pen, and that pen was removed from the spatial group analyses. Potential consequences of this PI-BVD heifer are discussed later.
Treatments and Pen Assignment
Based on the order of arrival at the chute, the first 24 acceptable heifers were assigned consecutively (beginning with the first and continuing through last) to 1 of 24 sorting pens. Likewise, the next 24 heifers were assigned to a sorting pen, and so on until 288 calves were allotted. To facilitate the analyses for both the direct and spatially exposed groups, PI-BVD exposure treatments were assigned randomly to blocks of 8 contiguous soil-surfaced pens (12.2 × 35.0 m, with 10.4 m of bunk line and an individual bunk-line water source/ pen). To maintain treatment separation, each group of contiguous pens was separated by either a feed or drovers alley. Once the sorting pens were assigned randomly to a group of contiguous pens, they were assigned randomly to individual pens within the group of 8 contiguous pens. In each group of 8 contiguous pens, the odd-numbered pens served as the direct exposure group (PI-BVD calf treatment commingled directly in the pen), and the even-numbered pens served as the spatially exposed group (PI-BVD calf treatment commingled in an adjacent pen).
For the direct exposed group the following treatments (PI-BVD calf exposure status; 4 pens/treatment; 12 calves/pen) were imposed: 1) negative control with no PI-BVD calf exposure (control), 2) PI-BVD calf commingled in the pen for 60 h and then removed (shortterm exposure), and 3) PI-BVD calf commingled in the pen for the duration of the study (long-term exposure). For the spatially exposed group the following treatments (adjacent pen PI-BVD calf exposure status [3 or 4 pens/treatment; 12 calves/pen)] were imposed: 1) negative control with no PI-BVD calf exposure (adjacent pen control), 2) PI-BVD calf commingled in the adjacent pen for 60 h and then removed (adjacent pen short-term exposure), and 3) PI-BVD calf commingled in the adjacent pen for the duration of the study (adjacent pen long-term exposure).
Feeding and Management
After placement in their assigned pens, all cattle received a 68% concentrate diet (steam-flaked corn and ground wheat hay-based; Table 1 ) for the first 21 d of the receiving period. Oat hay was offered as necessary for the first 3 d after arrival to aid in acclimation to the concentrate diet. On d 22, the cattle were switched to a 75% concentrate (Table 1) Each time the diet concentration was increased, the quantity of feed offered was decreased to maintain a constant intake of NE g relative to the previous day's consumed feed. Feed bunks were evaluated visually twice daily (morning and evening) to determine the quantity of feed to offer each pen. A slick-bunk management protocol was implemented throughout all stages of the trial, and bunks were managed to allow for 0 to 0.23 kg of remaining feed/heifer immediately before feeding each morning. Weekly mixer samples were obtained to calculate dietary DM and for proximate analyses. In addition, at each scheduled weigh period, orts were collected, weighed, and sampled for DM to calculate DMI. The DMI delivered to each pen was calculated by subtracting dry orts from total DM delivered to each pen. The number of animals housed in each pen was multiplied by the number of days in the weigh period to determine animal days, which were then divided into the corrected total DM delivered to each pen to obtain the average DMI per heifer for the period.
Animal Health
Daily clinical monitoring was completed by trained personnel, with every effort made to ensure that monitoring occurred at the same time each day. Because a metaphylactic antimicrobial was used, a 7-d moratorium was imposed for therapeutic treatment of BRD illness. During the current study, however, no animals were removed from their pens or treated for respiratory disease complex symptoms. Two heifers died dur- 3 Supplement composition (DM basis) for the 68% diet: limestone = 51.8135%; potassium chloride = 22.8571%; magnesium oxide = 7.6258%; salt = 8.5714%; cobalt carbonate = 0.0012%; copper sulfate = 0.1701%; iron sulfate = 0.4762%; EDDI (4.4%) = 0.0390; manganese sulfate = 0.5357%; selenium premix (0.06% Se) = 0.7143%; zinc sulfate = 0.8048%; vitamin A (30,000 IU/g, 90% DM basis) = 0.3429%; vitamin E (500 IU/g, 90% DM basis) = 0.5143%; Rumensin (Elanco Animal Health; 176.4 mg/kg, 90% DM basis) = 0.4821%; Tylan (Elanco Animal Health; 88.2 mg/kg, 90% DM basis) = 0.3215%; mineral oil = 1.500%; and cottonseed meal = 3.2301%.
4 Supplement composition (DM basis) for the 75 to 91% diets: limestone = 56.99%; potassium chloride = 8.00%; magnesium oxide = 3.56%; salt = 12.00%; cobalt carbonate = 0.0017%; copper sulfate = 0.1587%; iron sulfate = 0.1333%; EDDI (4.4%) = 0.0455%; manganese sulfate = 0.5000%; selenium premix (0.06% Se) = 0.3333%; zinc sulfate = 0.845%; vitamin A (30,000 IU/g, 90% DM basis) = 0.2640%; vitamin E (500 IU/g, 90% DM basis) = 0.1260%; Rumensin (Elanco Animal Health; 176.4 mg/kg, 90% DM basis) = 0.675%; Tylan (Elanco Animal Health; 88.2 mg/kg, 90% DM basis) = 0.450%; mineral oil = 1.5%; and cottonseed meal = 14.41%.
ing the study (on or before d 44), and in both cases, histopathology (Texas Veterinary Medical Diagnostic Lab) confirmed polioencephalomalacia as the cause of death.
Body Weight Measurements
Body weight measurements taken on an individualanimal basis were obtained without withholding feed or water. All animals were weighed individually before the morning feeding in a single-animal squeeze chute suspended from 2 load cells (Silencer, Moly Manufacturing, Lorraine, KS) on d 0 (initial processing), 28, 56, 112, and the end of the experiment (215 d on feed). The scale was calibrated with 453.6 kg of certified weight before each scheduled weigh day.
Carcass Evaluation
Based on visual appraisal of estimated rib fat, all of the heifers were sent to the National Beef slaughter facility in Liberal, KS, after 215 d on feed. Because of the study design (completely randomized design), the heifers were managed as a single slaughter group to maximize nondiscountable carcass weight. Carcass measurements included HCW, and after a 36-h chill, LM area, marbling score of the split lean surface at the 12th-to 13th-rib interface, and fat thickness was measured at three-quarters of the lateral length from the split surface of the backbone between the 12th and 13th rib. The data collected were used to calculate USDA yield grade and USDA quality grade.
Lung Lesion Evaluation
At slaughter, lungs were positioned to present the anteroventral lobes, so that gross evaluation of active lesions could be completed at the speed of processing in the slaughter facility. Lungs with partial or whole lobes missing, or carcasses with retained lungs as a result of adhesions were considered as active lesion lungs. Subjective classification of active lesions was based on the size and appearance of the lesion as well as the local lymph nodes (Gardner et al., 1999) .
Statistical Analyses and Calculation
Statistics. All heifers removed from the trial (n = 9) because of death, lameness, or pregnancy were removed from the pen-average calculations. Furthermore, PI calves were not included in BW calculations, but because of the study design they were part of their respective pen's feed delivery. Normally distributed performance based data (ADG, carcass data, etc.) were analyzed as a single-factor experiment in a completely randomized experimental design using the GLM procedure (SAS Inst. Inc., Cary, NC). Pen was the experimental unit. In addition, preplanned orthogonal contrasts were completed to test 1) control animals vs. the average of PI-BVD-exposed animals, and 2) longterm exposure vs. short-term exposure. Nonparametric data (lung scores, carcass data, etc.) were tested as binomial proportions using the GLIMMIX procedure of SAS, with the same overall model design and contrasts as for the normally distributed data. Percentages are reported in the tables, but the F-value reported represents the value from the log-odds ratios analysis. The assumption for homogeneity of variances was tested using a Levene's test for residual errors. When variances could not be considered homogeneous (P ≤ 0.10) a Welch's F-test was completed to determine the overall significance for the statistic of interest. The largest SE of the least squares means is reported in the tables for statistics with heterogeneous variance. In addition, initial BW was tested as a covariate for all statistics of interest using the GLM procedure of SAS. A full-rank covariate model testing treatment and the treatment × initial BW interaction was used to test the linear relationship between initial BW and all statistics of interest. When a linear relationship was present for initial BW as a covariate (P ≤ 0.05), a less than full-rank model testing treatment and the treatment × initial BW interaction was used to test the equality of slopes. Because the common slopes model for all statistics of interest could not be rejected (P > 0.05), the least squares means for all covariate models were adjusted at x = the mean.
Monetary Calculations.
Because there were no direct costs associated with therapeutic health treatments, the economic ratio included in the carcass tables represents monetary returns and direct costs associated with feed intake. The value was calculated as total dollars returned per pen relative to each pen's respective feed cost for the entire trial. A common diet price of $131.52 per metric ton of dry feed was used.
RESULTS AND DISCUSION
Composition of the experimental diets is presented in Table 1 . Results for performance data are presented in Tables 2 and 3 . Final BW was not affected (P ≥ 0.48) by PI calf exposure in either the direct or across-pen exposure groups. Exposure to a PI calf transiently (60 h) or for the duration of the experiment (215 d) did not affect (P ≥ 0.25) final BW compared with heifers that were not experimentally exposed; moreover, final BW did not differ (P ≥ 0.84) between the short-and long-term exposure treatment groups. Neither period nor overall DMI was affected (P ≥ 0.37) by PI-BVD calf exposure, and no differences (P ≥ 0.44) were observed between short-and long-term exposure heifers in the direct or spatially exposed groups. Likewise, total trial ADG was not affected (P ≥ 0.36) by PI-BVD calf exposure. Despite the general lack of effects on ADG, it seems that there was a cost to developing immunity to the wild-type strain of BVD for calves in the exposed groups as evidenced by ADG in the first 28 d on trial. When control animals were compared with the average performance of the PI-BVD-exposed cattle, there was a tendency (P ≤ 0.12) for the PI-BVD-exposed cattle to gain less through d 28. Nonetheless, the differences were less noticeable by d 56, and though not statistically significant, numerical advantages in ADG were in favor of the PI-BVD-exposed cattle by the end of the experiment.
Overall, G:F was not affected (P ≥ 0.19) by PI-BVD exposure in the direct exposed group; however, d 56 period data demonstrated a tendency (P = 0.08) for a G:F response in the short-term exposed cattle compared with the long-term exposed cattle. By the end of the trial, this difference was only numerical, and the advantage was to both exposed groups compared with the control cattle. Similar gain efficiency responses (P ≤ 0.12) for the d-56 period data were noted in the acrosspen exposed group, but by the end of the feeding period, no differences (P = 0.65) were evident. Hessman (2006) reported a tendency (P = 0.07) for the entire feeding period ADG to be decreased from 1.02 kg/d in nonexposed cattle to 0.91 kg/d in PI-BVD-exposed cattle. Furthermore, in that same study efficiency of gain was improved by 10.9% (P = 0.02) in the nonexposed cattle. However, it should be noted that the calculations in the study of Hessman (2006) included dead animals, which cannot contribute to the sources of variation once deceased or removed from the trial, and the 49% increase (6.96 vs. 10.37%; P = 0.14) in mortality in the PI-BVDexposed cattle from that study accounts for some of the difference in ADG and efficiency of gain among the exposure groups.
No difference (P = 0.75) was observed in HCW for the direct-exposed treatment group (Table 4) . Furthermore, no differences (P ≥ 0.22) in any carcass characteristics were observed for the across-pen exposed treatment group (Table 5) . For the direct exposure group, however, LM area and 12th-rib fat tended (P ≤ 0.09) to differ, with the control animals having larger LM area and less fat than either of the PI-BVD-exposed treatment groups. Moreover, calculated yield grade differed (P = 0.05), demonstrating the same results as for LM area and 12th-rib fat. There was a tendency (P = 0.07) for a greater percentage of Choice carcasses in the direct exposed treatment groups relative to the controls, but no difference (P = 0.68) for percent Choice was observed between the PI-BVD-exposed treatment groups. These carcass differences for the direct exposure treatment group are not likely attributable to PI-BVD treatments and are merely reflections of the genetic makeup of the cattle within each treatment.
The prevalence of active lung lesions was not affected (P ≥ 0.24) by PI-BVD treatment in the direct-or acrosspen exposed groups (Tables 4 and 5 , respectively). Likewise, no differences (P ≥ 0.43) in monetary return were observed for PI-BVD treatment in the direct-or acrosspen exposed groups (Tables 4 and 5 , respectively).
The discussion of these results is limited because of a lack of peer-reviewed literature in this area; however, it is worth noting as an anecdotal observation that 68% of PI-BVD animals used in this study survived to an acceptable slaughter weight and condition. Hessman (2006) reported 71% of the PI-BVD animals in his evaluation survived to slaughter. This fact, coupled with the results from this study, would not give credence to the necessity of testing all feedlot cattle at arrival processing or to the need of euthanasia of identified PI animals. In an epidemiological analysis O'Connor et al. (2005) evaluated the incidence of morbidity for feedlot pens that contained a PI-BVD animal vs. pens that did not contain a PI-BVD animal. In that study, the odds ratios for PI-BVD-exposed vs. nonexposed cattle for all therapeutic treatments or greater than 2 therapeutic treatments because of any disease was 0.8 (P = 0.03) and 0.4 (P = 0.005), respectively. These results would suggest very strongly that in that particular population of cattle (n = 5,041 calves in 50 pens) having a PI-BVD calf in the pen had no deleterious effect on the incidence of disease. Moreover, Loneragen et al. (2005) reported the morbidity rate in PI-BVD-exposed cattle to be 7.36 vs. 5.14% (P = ND) in nonexposed feedlot cattle, and Hessman (2006) reported a 49.5 vs. 42.3% (P = 0.22) morbidity rate in nonexposed vs. PI-BVDexposed cattle, respectively.
It should be reiterated that the experimental heifers used in this study were partially protected from disease episodes because they were immunized before weaning. Second, because the heifers used in this study were considered to be a moderate health risk, they were treated prophylactically with an antimicrobial at 6 LMA/HWC = LM area in square centimeters per 100 kg of HCW; Economic ratio = the ratio of total dollars returned per heifer to the total feed cost of gain.
the initial processing, which is common for arrival cattle recognized as being at risk for health problems. In addition, the animal housing density (pen surface, m 2 / heifer) in the present study was roughly 2.5-fold greater than the typical commercial feedlot setting, which could affect disease transmission. However, Traven et al. (1991) demonstrated horizontal transmission of BVD virus can occur with as little as 1 h of direct exposure to a single PI-BVD animal. Larson et al. (2004) reviewed literature that indicated over-the-fence contact with a PI-BVD animal can introduce BVD virus into susceptible herds, and suggested that short distance air transmission of BVD virus seems likely. Moreover, perpetuation of PI-BVD calves can only occur via transmission through breeding herds that in some cases are dispersed over substantial areas. Taylor and Rodwell (2001) demonstrated that bovine pestivirus-infected cattle in a 656 animal cow herd on a 5,200 ha breeding and fattening property in Queensland, Australia. These observations coupled with the lack of a negative response to a PI-BVD calf in the aforementioned commercial feedlot studies would lend credibility to the results reported herein and would suggest that the reduced animal density in our study was not a limiting factor.
Results from this study are likely attributable to the vaccination status and the prophylactic antimicrobial management of the cattle. Both management schemes appear to have minimized the risk associated with exposure to a PI-BVD calf as evidenced by the lack of disease in the PI-BVD-exposed cattle. Moreover, it is reasonable to assume that if concomitant and secondary disease episodes are held in check during the initial exposure period then direct exposure to a PI-BVD calf would result in an unattenuated autogenous vaccination to the wild type strain, which would likely strengthen the immune system of the exposed cattle. This is likely the case for the herd mates of the PI-BVD heifer and discussion of potential prior exposure is warranted.
The experimental cattle for this trial were from 12 different sources, ranging in size from 5 to 58 heifers per source. Thus, before the sale, at most 57 heifers were potentially exposed for an extended duration to the wild type strain of BVD the PI heifer was shedding. However, after delivery to the sale barn it would be logistically impossible to experimentally control the potential for exposure to BVD virus since the virus is shed in the bodily secretions and excretions of both PI-BVD and acutely infected animals (Brock et al., 1991; Larson et al., 2004) . Potential BVD virus exposure before arrival at the CLRC could have occurred at the sale barn or during transportation via exposure to the secretions and excretions of infected animals that had no direct contact or association with the experimental cattle for this trial. Moreover, exposure to BVD virus from the sale barn forward in time does not change the objectives of this study, which were to determine the effects of duration of exposure to a PI-BVD calf on feedlot performance in previously vaccinated cattle. If the reader chooses to assume all of the experimental cattle were exposed either at the sale barn or during transportation then the duration of short-term exposure is extended at most 48 h and the control cattle were potentially exposed for 48 h. However, performance results for the first 28 d would not suggest the control cattle were combating subclinical disease when compared with the PI-BVD-exposed cattle that had at least a 4.1% reduction in ADG.
Results from this study suggest exposing previously vaccinated, freshly weaned, stressed, beef calves to a feedlot animal persistently infected with bovine viral 
